The Effects of Aging on pH in Forest Soil Samples by Piersiak, Emily H
University of Vermont 
ScholarWorks @ UVM 
UVM Honors College Senior Theses Undergraduate Theses 
2020 
The Effects of Aging on pH in Forest Soil Samples 
Emily H. Piersiak 
University of Vermont 
Follow this and additional works at: https://scholarworks.uvm.edu/hcoltheses 
Recommended Citation 
Piersiak, Emily H., "The Effects of Aging on pH in Forest Soil Samples" (2020). UVM Honors College Senior 
Theses. 379. 
https://scholarworks.uvm.edu/hcoltheses/379 
This Honors College Thesis is brought to you for free and open access by the Undergraduate Theses at 
ScholarWorks @ UVM. It has been accepted for inclusion in UVM Honors College Senior Theses by an authorized 
administrator of ScholarWorks @ UVM. For more information, please contact donna.omalley@uvm.edu. 
The Effects of Aging on pH in Forest Soil Samples 
Emily Piersiak 














Table of Contents 
1. Abstract 
2. Introduction 
 2.1 Long-term Monitoring Studies 
 2.2 Background on the 200 Year Study 
 2.3 Plot Descriptions 
 2.4 pH 
 2.5 Effects of Storage on Soil Sample Measurements 
3. Methods 
 3.1 Sample Collection and Storage 
 3.2 pH Measurement 
 3.3 Exchangeable Cations Analysis 
4. Results and Discussion 
 4.1 pH 
 4.2 Cations 
5. Conclusion 
6. Works Cited 
7. Appendix 
 7.1 Table 1 pH Measurements of Duplicated Samples for Quality Control 
 7.2 Table 2 ANOVA Summary Statistics for Change in Exchangeable Cations 
 7.3 Figure 1 Map of VMC 200-Year Study Sampling Locations 
 7.4 Figure 2 Detailed Map of Mount Mansfield Sampling Sites 
 7.5 Figure 3 Detailed Map of Lye Brook Wilderness Area Sampling Sites 
7.6 Figure 4 Genetic Soil Horizons 
7.7 Figure 5 Scott Bailey (USFS) and Emily Piersiak (UVM) Collecting Samples at the 
Forehead Site. 
7.8 Figure 6 Rocky Subsurface at the Forehead Site. 
7.9 Figure 7 Typical Pedon at Lye Trail 
7.10 Figure 8 Comparison of Year 0 Samples Tested in 2003 and 2020 
7.11 Figure 9 pH of Each Subhorizon 
7.12 Figure 10 Tukey’s HSD Results Showing the Difference in Exchangeable Al Means by 
Year. 
7.13 Figure 11 Tukey’s HSD Results Showing the Difference in Exchangeable Ca Means 
by Year. 
7.14 Figure 12 Tukey’s HSD Results Showing the Difference in Exchangeable K Means by 
Year. 
7.15 Figure 13 Tukey’s HSD Results Showing the Difference in Exchangeable Mg Means 
by Year. 







 pH measurements are the backbone of chemical soil analyses. Measuring pH is a simple 
and fast method of elucidating the general chemical properties of a particular soil. pH affects 
the cation exchange capacity of soils and, thus, the nutrient availability of necessary plant 
resources. The goal of this paper is to showcase a repeated analysis of forest soil pH from 2002 
and 2020. Research samples often stay in laboratory storage for long periods of time. In some 
instances, there is a backlog of analyses that can affect when soil samples can by tested. 
Regarding long-term monitoring studies, the best method of sample comparison is rerunning 
old samples when new samples come into the lab for analysis. In these scenarios, it is 
imperative that researchers can be confident that their results are accurate with respect to the 
sample’s properties on the day it was collected. To this end, this research project aims to 
determine if there is a change in sample measurement results over time. Using B horizon 
samples from the Vermont Monitoring Cooperative 200-Year Soil Monitoring Study, pH data 
measured in 2002 was compared to pH data collected in 2020. The B horizon was chosen 
because it was thought to be the most likely to show changes over time and be unaffected by 
organic horizon development. The soil from the same exact samples were analyzed to 
determine if there is a significant change in pH after long periods of storage. Using a two-sided 
paired t-test, there was determined to be a statistically significant difference in measured pH 
from 2002 to 2020 (t(36) = -4.27, p < 0.001. In addition to storage effects, B horizon cation 
sample measurements were also compared from each year of the study to determine possible 
changes in the soils in the field. There were statistically significant changes in the means of 
aluminum, calcium, potassium, magnesium, and manganese among years. These differences 
over the first 15 years will need to be borne out by further sampling and reanalysis. Overall, the 







Long-term Monitoring Studies 
 
Long-term soil monitoring studies are becoming increasingly common in Canada, Europe, 
and the United States. These studies function to systemically determine and record soil 
variables and their change through space and time, which is essential for early detection of soil 
quality changes (Morvan et al., 2008). Long-term studies are often organized in a soil 
monitoring network (SMN), which is a group of sites in which the changes of various soil 
characteristics are measured and recorded periodically (Morvan et al., 2008). To draw 
consistent data from SMNs worldwide, it is essential that the different research groups in 
charge use a common methodology that can be repeated and compared between sites 
(Morvan et al., 2008). 
Repeated sampling, according to Lawrence et al. (2013), is the “monitoring of soils to 
determine if changes occur either through natural or human-induced drives that include 
climate change, changes in air quality, invasive plants and animals, land use activities, and other 
unforeseen factors that might alter ecosystems”. These data are valuable to track the effects of 
climate change, and to gain a better understanding of how our ecosystem functions. 
Historically, soil resampling was unnecessary because the rate at which soil changed was too 
slow to show any meaningful differences, especially with high spatial variance (Lawrence et al., 
2013). Now that the scientific community is aware of the faster rate of change in soils, it can 
design cohesive long-term studies through SMNs to gain a body of evidence against which to 
compare problems that we may not yet know about (Lawrence et al., 2013).  
It is critical to maintain consistency in methods for long-term studies to allow meaningful 
comparisons among studies and through time. Site selection cannot be random in long-term 
studies due to a variety of reasons including uncooperative land-owners, construction, poor 
land use history, or bad soil conditions, so sites must be selected on a case-by-case basis that 
prevents as much bias as possible (Desaules, 2011). The main challenge in soil sampling is to 
cope with the idea that the same soils cannot be measured twice as the integrity of the pedon 
is compromised when the sampling pit is created (Desaules, 2011). This means that scientists 
must have a plan in place to manage the heterogeneity of soils, including plans to reduce bias 
and maintain consistency in sampling collection and analysis (Desaules, 2011). Soil sampling 
usually has more variability bias than analytics, so to reduce this, Desaules (2011) proposes a 
world-wide adherence to creating sites that are between 100 and 1000 square meters. There is 
also a need for transparent analytical reports that explains any possible sample storage 
contamination or alteration due to laboratory methods such as sieving or milling (Desaules, 
2011). This will allow future research to compare any study without fear of overt bias or 




Background on the 200 Year Study 
 
In 2002, members of the University of Vermont, the Vermont Department of Forests, Parks 
and Recreation, the US Forest Service, the Natural Resource Conservation Service, the Vermont 
Monitoring Cooperative (now the Forest Ecosystem Monitoring Cooperative), and the US 
Geological Survey set up five long-term monitoring sites across the state of Vermont. Three of 
these sites are on Mount Mansfield, and two are in the Lye Brook Wilderness area in southern 
Vermont (Figures 1, 2, and 3). These sites were chosen due to their remote nature that denies 
casual access to the general public, and their history of no disturbance. Initially, the plan was to 
set up a 50 meter by 50 meter square divided into one hundred 5 square meter sampling 
points, but now those 5 square meter plots are subdivided into 4 quadrants. Every five years, 
10 plots are chosen randomly from the one hundred at each site to sample the soils. Sampling 
is conducted by digging a 0.7 to 1 m^2 soil pit as deep as the C horizon or bedrock at the center 
of the sampling point. The pedon is described by researchers, and samples of each horizon are 
collected as long as the horizon is thick enough to provide a representative sample (Figures 4 
and 5). Additionally, a large bag of sample is collected from the Oi and Oe layers, the Oa and A, 
the top ten centimeters of the B horizon, and the 60-70-centimeter depth. All B horizon 
samples are measured for exchangeable cations and pH. B horizon subsamples were also sent 
to the National Resource Conservation Service (NRCS) Kellogg Soil Survey Lab in Lincoln, 
Nebraska to be analyzed in a variety of ways. Cations are measured at the University of 
Vermont because the laboratory instrumentation here has lower detection limits for calcium, 




The parent material in each of the five sites is glacial till, which is generally representative 
of large forested areas in Vermont (Villars, Bailey, and Ross, 2015). The slope of the sites is 
relatively uniform, as is the vegetation (Villars, Bailey, and Ross, 2015). 
The Forehead plot is located on the Forehead of Mount Mansfield at an elevation of 1140 
meters. The soils at this elevation are often shallow to bedrock, and the shallow soils often 
prevented researchers from digging deep enough to collect a 60-70 cm sample (Figure 6). There 
are also very few B horizon samples due to the nature of the soil formation at this site, 
dominated by Entisols and Histosols. Interestingly, this site is home to four different soil orders, 
including Inceptisols and Spodosols, in a 50 meter by 50 meter site (Villars, Bailey, and Ross, 
2015). This site is characterized by a high elevation spruce/fir forest.  
Ranch Brook is located on the eastern lower slopes of Mount Mansfield in a northern 
hardwood forest. Polka Dot is in the Underhill State Park at Mount Mansfield and is a 
transitional forest that is also home to a SCAN site. SCAN, or Soil Climate Analysis Network, sites 
are a soil moisture/temperature project run by the NRCS. In addition to soil moisture and 
temperature, SCAN sites measure “air temperature, relative humidity, solar radiation, wind 
speed and direction, liquid precipitation, and barometric pressure” (NRCS, n.d.).  
Lye Road, another SCAN site, is located in a northern hardwood forest in southern 
Vermont. Lye Trail, near Lye Road, is in a transitional forest, between hardwood and conifer 
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(Figure 7). Both are located within the Lye Brook Wilderness area in the Green Mountain 
National Forest and, thus, protected from human disturbance. 
pH 
 
pH indicates how acidic or basic soil is. It is widely acknowledged to be one of the best 
metrics for determining the chemical properties of the soil and is the most commonly tested 
soil property for the assessment of nutrient availability for plants (Pessarakli 1999 & Minasny et 
al., 2011). It is considered to be a “master variable” because it controls the “solubility, 
bioavailability, mobility, ionic speciation, and ultimately toxicity of any metal” in soils (Rahman 
et al., 2018). There are three soil pH ranges, identified by Thomas (1967) that are especially 
telling: a pH lower than 4 denotes the presence of free acids, a pH in the range of 4 to 5.5 
identifies the likely presence of soluble or exchangeable aluminum, and a pH from 7.8 to 8.2 
indicates the presence of calcium carbonate in the soil (Pessarakli 1999). pH also affects cation 
exchange capacity (CEC): as pH increases, so does CEC and the inverse for a decrease in pH 
(Weil & Brady, 2017).  
Soil has a natural tendency to acidify over time due to both natural and anthropogenic 
factors (Cho et al., 2019). Plant roots in the soil release hydrogen ions, which force nutrient 
cations off of cation exchange sites and allows root hairs to take up nutrient cations (Weil & 
Brady, 2017). Soil acidification is accompanied by a decrease in base cations such as calcium, 
and an increase in aluminum (Cho et al, 2019). This is particularly problematic for plants 
growing in acidifying soils because the soil loses its buffering capacity, and the aluminum 
prevents other essential cations from sorbing to soil surfaces. Aluminum ions are introduced to 
the soil solution when hydrogen ions attack mineral structures and release aluminum (Weil & 
Brady, 2017). Those ions then sorb to cation exchange sites, and equilibrate with aluminum ions 
in the soil solution (Weil & Brady, 2017). Aluminum is of particular concern due to its toxicity to 
most living things, and because it tends to hydrolyze water into hydrogen ions and hydroxyl 
groups (Weil & Brady, 2017). The aluminum ions then combine with the hydroxyl groups, and 
the hydrogen ions remain in the soil solution and lower the pH (Weil & Brady, 2017). Many of 
the hydroxy aluminum ions that are formed at low pHs sorb tightly to clay surfaces and block 
many cations (Weil & Brady, 2017). In their tightly bound state, the hydroxy aluminum ions are 
not exchangeable, but as pH increases, they begin to precipitate out (Weil and Brady, 2017). 
The VMC long-term monitoring study was created to quantify and track levels of pH and 
soil chemical parameters as time passes. Inherently, these values are affected by climate 
change and other anthropogenic effects like acid rain, so tracking their changes will help all 
scientists monitor the changes in our ecosystem and make conclusions about how our soils are 
being affected in real time.  
 
Effects of Storage on Soil Sample Measurements 
 
In 1978, Raveh and Avnimelech published a paper indicating that organic macro molecules 
in the soil are connected by hydrogen bonds in the presence of water. This network of 
hydrogen bonds breaks when the soil dries and decreases the stability of the organic matter 
(Raveh & Avnimelech, 1978). A period of relaxation is required for the full deconstruction of the 
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organic matrix (Raveh & Avnimelech, 1978). Once the matrix is damaged, new acidic groups are 
at the surface of the particles, which reduces the pH and makes the nutrients more available 
(Raveh & Avnimelech, 1978). The increased surface area of the particles due to the broken 
hydrogen bonds means that more substrate is available to release nutrients (Raveh & 
Avnimelech, 1978). The period of decomposition is about eight weeks duration, during which 
pH decreases rapidly (Blake et al., 2000).  
In a 1994 study on soils from Sugarbush, Vermont, Ross, Wilmot, and Larsen found that 
drying caused significantly large increases in ammonium acetate extracted phosphorus, 
manganese, boron, and iron, as well as smaller but still significant changes in pH, extracted 
aluminum, calcium, and zinc (Ross, Wilmot, & Larsen, 1994). Erich and Hoskins also found that 
drying caused significant changes in the extractability of most of the nutrients that they 
examined (Erich & Hoskins, 2011). These changes all occur during the drying process, but raise 
the question: does long-term storage have an effect on the chemical properties of soils after 
they have been dried? 
Blake et al. (2000) found that soil samples stored for twenty years acidify by up to 0.4 pH 
units, but that acidification occurred mostly in soils that already had a pH lower than 5.0. In a 
contrary finding, Prodromou and Pavlatou-Ve (1998) had previously published a paper with 
evidence to suggest that statistically significant decrease in pH only occurred in groups of soils 
with initial alkaline pHs (Prodromou & Pavlatou-Ve, 1998). The decrease of pH over twenty 
years for acidic soils averaged 0.3 units, whereas the decrease in alkaline soils was 0.63 units 
(Prodromou & Pavlatou-Ve, 1998).  
Having tested soils both high and low in organic matter, Blake et al. discovered that the 
amount of organic matter and hydrogen bonds has little effect on storage changes, unlike 
Raveneh and Avnimelech’s effects in the drying period (Blake et at., 2000; Raveh & Avnimelech, 
1978). They also found slight increases in exchangeable cations that they attributed to 
weathering of the mineral surfaces during storage, or more likely, the hydrolysis of aluminum 
(Blake et al., 2000). They theorized that the electrostatic bonds that hold aluminum to the soil 
particles broke down, or that Al3+ was released upon the destruction of mineral lattice bonds, or 
maybe both, and that the released aluminum ions would hydrolyze the hydrogen ions (Blake et 
al., 2000). Either way, the increase in exchangeable aluminum roughly matched the increase in 
hydrogen ions, but this result could not be confirmed because they did not have data going 




Sample Collection and Storage 
 
The samples were collected from the field in 2002. Pedon description followed the 
guidelines from The Field Book for Describing and Sampling Soils and were classified using the 
United States Soil Taxonomy (Villars, Bailey, and Ross, 2015). In the Hills Building at the 
University of Vermont, they were spread out to dry on clean lab benchtops out of direct 
sunlight, and once dry, stored in their original 60-ounce polyethylene bags (Ross & Wilmot, 
 8 
2003). The samples were eventually moved to airtight plastic containers in a filing cabinet in the 
basement of Jeffords Hall at the University of Vermont. The samples were large enough that 
they filled multiple containers per sample. A soil riffler was used to ensure homogenous 
separation of the samples. The containers designated #2 for each B horizon sample was the 




A Fisher Scientific Accumet Basic AB15 Plus pH Meter was used to analyze the samples. The 
meter was calibrated using a 4.0 pH standard and a neutral 7.0 pH standard. The soil samples 
were measured in a 5 mL scoop and placed into a small plastic cup. Ten mL of 0.01 M calcium 
chloride was poured into the soil, and the solution was stirred to ensure complete mixing of the 
slurry. The soil was allowed to settle to the bottom of the cup until no particles remained 
suspended. The pH meter probe was then inserted to take a measurement. Every fourth sample 
was duplicated to ensure the accuracy of the test. The sample with lab ID 022 EP (Lye Road plot 
80) did not have enough sample to be measured. Only 37 samples of the original 104 were 
measured due to laboratory closure caused by a pandemic. The results were analyzed with a 
paired t-test in R statistical software.  
 
Exchangeable Cations Analysis 
 
The cation analysis was conducted by shaking 20 mL of 1.0 M NH4Cl with 2.00 grams of soil 
± 0.01 grams in 50 mL centrifuge tubes for 2 hours (30 seconds on, 30 seconds off). The shaker 
was an Eberbach reciprocal shaker running at 160 oscillations per minute. The samples were 
then centrifuged on a Beckman J-21 centrifuge with a JA-20 motor at 12000 revolutions per 
minute. The NH4Cl was made with Fluka brand ammonium chloride due to that brand’s 
extremely low values of calcium. The samples were analyzed for cations using an ICP-OES.  
In the year 0 analysis, each B subhorizon was measured for cations and pH, but in each 
following year, the top 10 centimeters of each B horizon was collected, mixed, and tested for 
cations. This may have an unknown effect on the average measure of exchangeable cations and 
may affect the results of the statistical analysis. Sodium was not included in this analysis due to 
the erratic nature of the results that could be due to contamination or low detection limits in 
the analytical machines. The results were analyzed using an ANOVA and Tukey’s HSD. 
The first three sets of cation extractions were performed by Don Ross and students 
previous to this thesis. The year 15 cation extractions were performed while working in the soils 
laboratory in 2018 and those results been added to this thesis. In addition to doing the 
extractions, I also prepped all the year 15 samples, which included drying, sieving, and 










All of the duplicated pH samples for quality control had percent differences of less than 
1% (Table 1). This indicates that the pH test did not lose its integrity and consistency 
throughout the duration of the testing. All pH values can thus be considered accurate.  
 Using a two-sided t-test, there was a statistically significant difference in the pH 
measurements between the tests performed in 2002 and 2020 (p < 0.001). The 95% confidence 
interval from the two-sided test indicates that the change in mean lies within the range of -
0.0642 to -0.0228, meaning that the pH value dropped. To clarify this range, a one-sided t-test 
was conducted: (t(36) = -4.27, p = 6.906 e -05). This one-sided t-test indicated that the 
confidence interval for the change in pH has an upper boundary of -0.026, and a lower 
boundary of infinity.  
The relationship between the samples from the two years is described accurately by the 
slope of the line (Figure 8). This slope results in an average decrease of 0.3 to 0.4 pH units over 
the range of soil pH found. Figure 9 shows the range, median, and 1st and 3rd quartiles for each 
subhorizon. Note that the E/Bhs subhorizon has only one data point and the BC subhorizon has 
2 data points.  
 In 1995, Falkengren-Grerup found that forest soil samples acidified as a result of drying, 
and that pH values of forest soils decreased gradually over a period of four to twelve months. In 
this study, the decrease in pH was found to be insignificant for the first years but increased by 
0.8 units over 40 years (Falkengren-Grerup, 1995).  Somewhat smaller decreases (up to 0.3 pH 
unit over 10-30 years) in the pH of stored forest soils were reported in another study (Lawrence 
at al. 2013). The results of the present study support the conclusions from Falkengren-Grerup 
(1995 and Lawrence et al. (2013) that stored soil sample pH decreases over time. It cannot fully 
contradict the findings of Prodromou and Pavlatou-Ve (1988) as there were no alkaline 





 The long-term goal of the monitoring study is to establish trends over time, using a five-
year sampling interval. Results of the cation extractions from the first four samples (Years 0, 5, 
10 and 15) do not show many consistent changes. However, every cation was found to have 
significant differences in the mean exchangeable measure between at least two years (Table 2). 
Mean exchangeable aluminum, calcium, and magnesium increased from year 0 to year 10 (p = 
0.039, p = 0.011, p < 0.001 respectively) (Figures 10, 11, and 13). Potassium increased 
significantly from year 0 to 5 (p = 0.010), year 0 to 10 (p < 0.001), and year 0 to 15 (p < 0.001) 
(Figure 12).  Manganese increased significantly from year 0 to 5 (p < 0.001) and from year 0 to 
15 (p = 0.014) (Figure 14). This increase in exchangeable cations supports the hypothesis that 
breakdown of chemical bonds and sample weathering (Blake et al. 2000, Raveh & Avnimelech 
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1978). The increase in pH coincides with the increase in aluminum, confirming the results of 




 This study has provided definitive proof that the pH of Vermont forest soils changes 
with storage. More work is required to create a model describing how soil samples change 
chemically over time due to storage. A recommendation for a continuation of this study would 
be to continue to analyze these samples every five years to track the change in time. It is also 
recommended to sample new soils and measure their pH frequently as soon as the samples are 
collected and dried. This will illuminate the short-term changes in pH, if any exist, that could not 
be determined in this project with the data available from 2002.  
 The finding of significant differences in the exchangeable cation concentrations 
between different pairs of year is encouraging. This long-term study is now scheduled to run at 
least 150 years and trends in change over time were not expected to be evident until 20-25 
years (when there will be sufficient data points to establish least squares linear fits). Although 
changes in cation extractability during storage have not been documented, the changes in pH 
shown here could certainly have an effect and, again, early and repeated analyses are 
recommended.  
 The implications for this study are large in the long-term monitoring community. The 
recommendation that old samples be remeasured to compare with new samples is now flawed 
until a model can be determined. The creation of such a model will be very difficult due to 
conflicting reports in the research about alkaline and acidic soils, as well as the widely varied 
natures of soils. Researchers should still archive their samples until such a model is established.   
 The limitations on this study include a lack of frequent data points from 2002, along 
with the laboratory closure in the Spring of 2020 due to safety concerns from COVID-19. The 
original scope of this project was to re-analyze the exchangeable cations in the samples that 
were tested for pH. It is recommended that these analyses take place after the laboratory re-
opens to strengthen the base of knowledge on how soil samples change over time. It is 
important to understand the nature of soil samples and how they change in dry storage so that 
researchers can be confident in their results, no matter how long it has been since the sample 
was collected. More analyses of the VMC 200-year study samples are suggested, especially 
from years 5-15 to get a better idea of how soil samples are affected by storage. If possible, it 
would be ideal to measure the top 10 centimeter samples of the year 0 B horizon samples for a 
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pH Measurements of Duplicated Samples for Quality Control 
Sample ID Primary Sample pH Duplicate Sample pH Percent Difference 
004 EP 4.26 4.23 0.71 
008 EP 4.30 4.29 0.23 
012 EP 4.39 4.40 0.23 
016 EP 3.27 3.27 0.00 
020 EP 4.25 4.25 0.00 
024 EP 3.38 3.39 0.23 
028 EP 4.07 4.05 0.49 
032 EP 3.78 3.81 0.79 
036 EP 4.20 4.20 0.00 









ANOVA Summary Statistics for Change in Exchangeable Cations 
Cation Degrees of Freedom F-value p-value Confidence Interval 
Aluminum 3 3.46 0.017 95% 
Calcium 3 3.38 0.0189 95% 
Potassium 3 15.81 < 0.001 95% 
Magnesium 3 5.16 0.0018 95% 
Manganese 3 9.13 < 0.001 95% 

















Map of VMC 200-Year Study Sampling Locations 
 
Figure 1. Map of Vermont showing the main sampling locations of the VMC 200 year study. 
Mount Mansfield hosts the sampling sites Polka Dot, Forehead, and Ranch Brook. The Lye Trail 









Detailed Map of Mount Mansfield Sampling Sites 
 
Note. Map courtesy of Donald S. Ross. 
 
Figure 3 
Detailed Map of Lye Brook Wilderness Area Sampling Sites 
 






Genetic Soil Horizons 
 
Note. Photo courtesy of Donald S. Ross 
 
Figure 5 
Scott Bailey (USFS) and Emily Piersiak (UVM) Collecting Samples at the Forehead Site. 
 
Note. Photo Courtesy of Donald S. Ross. 
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Figure 6 
Rocky Subsurface at the Forehead Site. 
 
Note. Photo courtesy of Donald S. Ross 
 
Figure 7 
Typical Pedon at Lye Trail 
 





Note. The relationship between the measured pH of Year 0 samples analyzed the year they 
were collected and 18 years later. The r2 coefficient of this linear relationship is 0.99 and the 




Note. The range in pH of each subhorizon. The Bw horizon has the highest average pH, and the 





Figure 10. Tukey’s HSD Results Showing the Difference in Exchangeable Al Means by Year. 
 
Note. There is a significant difference in the means from year 0 to year 10 (p = 0.039) indicating 
that aluminum levels were higher in the year 10 samples.  
 
Figure 11. Tukey’s HSD Results Showing the Difference in Exchangeable Ca Means by Year. 
 
Note. There is a significant difference in the means from year 0 to year 10 (p = 0.011) indicating 
that calcium levels were higher in the year 10 samples.  
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Figure 12. Tukey’s HSD Results Showing the Difference in Exchangeable K Means by Year. 
 
Note. There is a significant difference in the means from year 0 to year 5 (p = 0.010), year 0 to 
year 10 (p < 0.001), and year 0 to year 15 (p < 0.001) indicating that potassium levels were 
higher in each year following the start of the study.  
 
Figure 13. Tukey’s HSD Results Showing the Difference in Exchangeable Mg Means by Year. 
 
Note. There is a significant difference in the means from year 0 to year 10 (p < 0.001) indicating 
that calcium levels were higher in the year 10 samples. 
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Figure 14. Tukey’s HSD Results Showing the Difference in Exchangeable Mn Means by Year. 
 
Note. There is a significant difference in the means from year 0 to year 5 (p < 0.001) and year 0 
to year 15 (p = 0.014) indicating that manganese levels were higher in the year 5 and 15 
samples than they were at the start of the study. 
 
 
 
 
